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SCATTERING OF NEUTRONS BY PROTONS 
A T HIGH ENERGIES
B y  D. B A vS U
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ABSTRACT. It ha.s been .«hf)wii here that the recent experimental results on the 
neutron-prot.m scatterinj? at a6o Mev energy favours tlie Moller-Rosenfeld interaction and 
rules oul the pseudoscalar theorv. Contrary to the general expectation that the Born 
approximation is valid before the influence of the radiation reactions needs to be taken 
into account, it is found tint the Born apporoximation, which is reasonably valid i o t  260 
Mev energy, gives the thecretical value twice as large as the experimental one but the 
inclusion of the radiation damping term brings the theoretical value in good agreement 
with the experimental result.
I N T R O D U C T I O N
In the theoretical investigation of the scattering of neutrons by pro­
tons, one is faced with the following difficulties : The exact nature of the 
meson field giving rise to the nuclear interaction is not definitely known. 
All the four representatives of the meson field so far proposed give rise to 
nuclear interactions containing inadmissible singularity at r— > 0 ,  the presence 
of which prevents us from having proper solution of the Schrbdinger equation. 
However, without knowing the proper solution, it is possible to Calculate 
the neutron-proton scattering cross-section in the Born approximation which 
can be applied only in the high energy region. On the other hand, for such 
relativistic energies, the influence of the field reactions, namely the radiation 
damping, cannot be neglected, the integral equation describing the influence 
of the radiation damping is mathematically very complicated.
In the earlier paper the present author investigated the cross section of 
neutron-proton (in short n-p.) scattering at high energy region in the Born 
approximation, the Moller-Rosenfeld (in short M.-R.) version of the meson 
field was chosen for the interaction between the neutron and the proton, the 
effect of the retardation is accounted for by the mechanism of exchange of 
charged and neutral mesons of vector and pseudoscalar type. Using the 
ordinary Born approximation, the cross section for the n-p seatteriug is found 
to increase indefinitely with increasing energy of the incident neutron in 
the relativistic region, no matter whether the vector or the pseudoscalar or 
the M .-R. mixed meson field is used. In a subsequent paper (Basu, 1950) 
it was shown that the influence of radiation damping on n-p scattering cross* 
section is sufficient to prevent the indefinite increase of the cross-section, it 
was found that the inclusion of radiation damping makes the cross-section 
decrease as ifE^ for high values of E', where E^  is the energy of the neutron
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lu th e  rest sy ste m . A t  th a t tim e the e x p e rim e n ta l data on n-p sca tte rin g  
at h ig h  e n e rg y  re g io n  w a s n o t a vailab le  to  m ake com parison possible w ith 
Qur theoi-etical fin d in g s .
It is o u r o b je ct in th e  presen t paper to com i)are the theoretical findings 
of o u r p re v io u s  tw o  papers w ith  the re ce n t exp erim en ta l results o f n-p scat­
terin g  a t  260 M e v  e n e rg y  w h ich  have appeared  in three papers b y  K e lly , 
I^eith, S e g r %  an d  W ie g a n d  (1950) ; F o x ,  L e ith , W o u te rs  and M ackenzie  
(1950) an d  D e ju re n  (1950). S u ch  a com parison w ould  g iv e  us an indication 
as to  w h a t w ill  be o u r ch o ice  of the m eson field. W e  sh all see here that 
the M --R - version o f the m eson field g iv e s  a good fit o f the th eoretical fin d ­
in g s  w ith  th e  e x p e rim e n ta l va lu es of tfcc to ta l cross section of the n-p scatter­
ing at 260 M e v  e n e rg y .
T h e  M  .-R . in tera ctio n  in the n o n -fe la tiv is tic  lim it con tain s three cons­
tan ts, on e is re lated  to  the m ass of th^ m eson and the other tw o  represent the 
stre n g th  o f th e  c h a rg e  and spin couplin|r. T h e  latter tw o  can be fixed  from  
a co m p arisio n  o f th e  ca lcu la te d  and th e e xp erim en ta l va lu es o f the binding 
en ergies o f th e  tr ip le t  and sin g le t states o f d euteron. T h e  m ass o f the 
m eson, w h ic h  d eterm in es th e  first con stan t, is know n from  m easurem ents of 
cosm ic ra y  an d  a r tific ia lly  produced mesons. It is the 7r-ineson w h ich is res­
ponsib le  fo r th e  n u cle a r fo rce  and its m ass is 286 electron m asses (m ,) (Bishop, 
1949). In  th e  M .-R . th e o ry , the m eson m ass corresponding to the pseudo­
sca la r p a rt o f th e  field  is assum ed to h ave the sam e value as the voctor co u n ­
terp a rt, th e  p seu d o scalar m esons w ould  be sp in less particles; there is no 
exp et im en tal e v id en ce  y e t  of sp iiiless m esons of the sam e mass as 286 nie w hich  
enter in to  th e  M .- R . co m b in atio n . T h e  /t-meson, whose m ass and spin are 
215 (R a ta lla ck  and B ro d e, 1949) and i  resp e ctiv e ly , has very little  influence 
on th e  n u c le a r  fo rc e s  ; on the other hand, the con tribu tion  to the nuclear 
fo rce  o f th e  r-m eso iis  of m ass 800-1000 m g  has not been incorporated 
in th e  th e o ry . T h e  th ree  con stan ts o f the M .-R . interaction h a v in g  been 
th u s fix e d  from  th e e x p e rim e n ta l va lu es of the deuteron, b in d in g  en ergies 
in th e  s in g le t  an d  tr ip le t states and d irect m ass m easurem ents o f the 
o b served  m eso n s, a c h e c k  on the co rrectn ess of the M .-R . interaction  can 
th e n  be m ade b y  c o m p a rin g  the th eoretica l va lu e  of the n-p sca tterin g  
<?ross sectio n  so ca lcu la ted  w ith  the re ce n tly  published  exp erim en ta l values 
o n  th e  sam e. I t  is sh o w n  here that the v a lu e  o f the total cross section of 
n -p  sca tte rin g  a t  260 M ev en erg y  favouirs the M .-R . interaction  and fu rth er, 
under- c e rta in  a p p ro x im a tio n s , the influence, o f , radiation d am pin g at th is 
e n e rg y  is to  red u ce  th e  cross-section  b y  a b o u t one h a lf.
. *' '^'he M .- R . in tera ctio n  ^  p re fe ra b le , to  o th er m eson field forces because 
.of tw o  o th er e v id e n ce s com in g out of the e xp erim en ta l resu lts on n-p 
scatte.ring a t  d iffere n t e n erg ies. T h e  v a lu e  o f th e  d ifferen tial cross-section  
o f n-p sc a tte r in g  -at 40, 90 an d  260 M ev e n erg ies  (K e lly  and others, 195^ *^  
sh o w s a  m in im u m  at 90 “ a n g le  and an increase for forw ard  and backw ard  
a n g le s . The re su lts  fo r b a ck w a rd  sca tte rin g  are su b ject to consid erable
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errors and the values for angles smaller than 40° are not available 
yet. In view of the fact that complete and very reliable results of the 
differential cross-section of n-p scattering are not available yet, it is not 
possible to make any definite conclusion regarding the charge symmetry 
of the M .-R. theory.* If we draw curves through the experimental points 
of Kelly and others, we can find at 40, 90 and 260 Mev energies the 
anisotropy of scattering which is expressed as the ratio T  — d^ir)jdq(irl2). 
Moreover, the areas under the curves would give us relative measures of the 
total cross-sections for the three energy values. We shall see that T  
increases and Q decreases with increasing energy values of the scattered 
neutrons. Hulthdn (1944) has investigated the anisotropy ratio for different 
meson fields in the non-relalivistic limit and he finds that in the M .-R. 
theory the ratio tends towards infinity for increasing energy values which is 
borne out by the experimental finding. According to Hulthdn, the 
anisotropy ratio for the symmetrical pseudoscalar theory decreases with 
increasing energy and tends to the limit 1 for very high energies, the same 
ratio for the symmetrical vector meson theory tends to the limit 3 2 g / / g /  
3.1) for every high energies, whereas, the experimental value for 260 Mev 
neutron energy is 9. The value of the total cross-section for 260 Mev 
neutron energy is nearly one half the value for 90 Mev. We shall presently 
see that this decrease of the total cross-section with increasing en ^ g y  
values can be satisfactorily explained in the M .-R. theory but not in the 
pseudoscalar theory.
There is, however, one difficulty with the M .-R . theory in which the 
tensor force is eliminated in the non-relativislic limit, as such the M .-R . 
theofy fails to explain the presence of the quadrupole moment of the 
deuteron. The tensor force, which contains the inadmissible singularity' 
at r -♦  o of the type i/ r “ but explains the presence of the quadrupole 
moment, appears in both the vector and pseudoscalar theory. However, 
the quadrupole moment, “as calculated from the pseudoscalar theory, agrees 
in sign but not in magnitude with the experimental value. In the nod- 
relativistic limit the tensor force term of the pseudoscalar theory has the 
same form but with the opposite sign as that of the vector theory ; that is 
why the mixed M .-R. field eliminates the tensor force in the static iuteractiOh 
if the constants are given the same value for both the fields. T h e subsequehV 
generalzatitm of Schwinger (1942).does not give the correct value of the 
quadrupole moment of the deuteron as has been shown by Jhuch aud’ H u
(1944) and Ramsey (1948). It may be mentioned in this connection that 
the elimination of the tensor force in the M .-R . theory is effected only in the
Fr'>m the angular distribution of the scattered neutrons it was tentatively suggested 
by Serber (quoted by Vukawa, 1949) that a mixture of the exchange and non-exchange 
forces in the ratio i ; i  gives a good fitting with the experimental findings. Ihrof. 
Rosenfeld thinks (in course of a conversation) that the experimental results that ate in 
prioress may not bear out Berber’s suggestion.
static p o ten tia l, th e  tensor force reappears, as has been show n by Hir (i945>, 
in the re la tiv is tic  reg io n .
T h e  B orn ap p ro xim atio n , w hich we h ave applied in otir calculations, 
is va lid  w h en  the e n e rg y  o f the co llid in g  p articles is large com pared w ith 
their in tera ctio n  e n e rg y . Prom  calcu latio n s regard in g the criterion of the 
v a lid ity  o f th e  B o m  ap p ro xim atio n , it appears th at it is valid  for energies 
above 50 — 100 M ev (m easured in the ce n tre  of mass system ). W h ile  on the 
h igh  e n e rg y  side, w h en  the B orn  approxim ation  becom es va lid , the question 
arises as to th e  n ecessity  o f includiQ g th e influence of radiation dam ping. 
H eitler (1948} and Janossy and M cC onnell (zgso) have piobed into the 
problem  o f fin d in g  the en erg y  region  w ith in  w h ich  the Born api>roximation 
is su ffic ien tly  good and y e t th e  influence of th e  radiation dam ping is not 
pronounced. A cco rd in g  to H eitler (1948), the B o m  approxim ation becomes 
va lid  before  the effects of the field reactions have to be taken into a c c o u n t; 
h ow ever, w e sh all see th at a closer exam ination  m akes this view  untenable. 
T h e  B orn ap p ro xim atio n  is reasonably valid  for 63.0 M ev en ergy (this value 
in C M  corresponds to 360 M ev en ergy in the rest system ), and for this energy 
w e find th a t the th eoretical value of the cross-section w ith ou t the 
in clusion  o f radiation  dam pin g is tw ice the experim ental value ; further 
if  the in fluence of the radiation  dam pin g is included, there is reasonable 
agreem ent betw een the theoretical and th e experim en tal values. Tt means 
th at w h en  the B orn approxim ation  is ap p lica b le , it  becom es also n ecessary 
to in clu d e  the influence of the radiation reactions.
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T H E  M O L E  E-R-R O S E N E E L D  I N T E R A C T I O N
T h e  M .-R . interaction  betw een tw o  n u cleo n s in the non-relativ istic  
lim it takes the sim ple form  g iv en  by
k ? ' ( l )
w h ere denote the isotopic sp in-vectors and spin operators of
the tw o  particles num bered i  and 2 and r is the distance betw een the tw o 
nucleons. T h e  co n stan t X =  /*/?tc,  ^ bein g  the m ass of the m eson in en ergy 
un its and ?», c have th eir usual m eanings. T h e  constants g ,  and ga, w hich  
have the dim ension of e lectric  charge, denote the stren gth s of the tw o types
o f co u p lin g .
T h e  S ch ro d in g er equation of the deuteron w ith  the above potential can
besolvednum erically, then  the valu es of th e  b in d in g  en ergies in the triplet
and s in g le t states m ake it possible to determ ine g ,  and g , .  T h e  recent 
ca lcu latio n  of F ro h lich , H u a n g  and Sneddon ( i 947) g ives their values as
0.0246, =*0.000306 —  -1-0.0085
nc He
(2)
5—1778P—S
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The experimental value for the ratio of the meson mass to that of the electron 
(m jm ,)  is 286, in which case the constants become
£■  = 0.024. I *  =o.oc,6 (3)
The constant is smaller than XTa* by a factor 4, the scattering cross- 
sections are proportional to the fourth power of gt and g .^ W e shall see 
in the next section that the scattering at high energy due to the g, part of 
the interaction can be neglected because of two reasons : (i) is much 
smaller than g.  ^ and (a) the scattering cross section due to the gi interaction 
falls quite sharply with increasing energy of the incident particle.
N- r S C A T T R R T N O  C R O B v S  S R C T T O N
The exact relativistic expression for neutron-proton interaction accord­
ing to the M .-R. version of the meson field is givefa in equations (5; and (6) 
of the earlier paper (Basu, ig^g). This interaction 'includes in it such 
terms as would make it free, in the non-relativistic limit, from contact 
potentials of the form of 8-function. Such an elimination of the 8-functions 
has an important bearing on the gx-scattering of neutrons by protons, the 
cross section of which decreases with increasing energy and tends to a 
constant in the extreme relativistic region. This decrease of cross section 
with increasing energy is reversed if the S-functions are not eliminated in 
the above mentioned way.
The calculation of the scattering cross-section with the M .-R. interaction 
is very laborious, the part played by the gi-interaction will be shown to be 
small enough to be neglected, as such, we have avoided some labour by 
calculating the relative contributions of the vector and the pseudoscalar 
meson fields separately, we shall see that so far as g,-scattering is concerned 
the contribution of the pseudoscalar field is exceedingly small compared with 
that of the vector field. Representing the nucleon by the Dtrac spinor, the 
total cross section of the n-p scattering due to the gj-interaction of the vector 
(charged or neutral) meson field is given by
(.2a~x^  ■ i6a^-c*)
^ - - 2  log (i ■4- 4a*x®) 
4a a ' h , + V v J
... (4)
where a is the ratio of the nucleon mass to the meson mass and is 6.42 for 
the meson mass being equal to 286 x  is the ratio p„ j M,  p„ and M both 
expressed in energy units are the momentum in the centre of mass system 
and the rest mass of the incident neutron or proton. The reciprocal of X 
has the dimension of length and its value for the meson mass 286 ttif
is i »35 ^ ‘ cm . T h e  n u m erica l va lu e  o f th e  above expression  is
Q o ^ i g i ^ ^  ** cm * fo r  260 M ev  n eu tro n  e n e rg y .
T h e  s im ila r  cro ss-sectio n  d ue to th e g i- in te ra c tio n  of the pseudoscalar 
(ch arged  or n eu tra l) m eson  field  has the form
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^  P 9 ^^  J l-
a"
 ^ X 4 2(1 + 4 a V ) 7- lo g  ( i  -t-4a“.r“) (5)
O o^*(^ 1)— 0.00005 X 10 *®cni* fo^ 260 M ev n eutron  e n e rg y .
I t  is e v id e n t th a t in  a m ix tu re  o f th e  ve cto r and pscudoscalar fields, 
th e  c o n tr ib u tio n  to  th e  g i-s c a tte r in g  a t ^60 M e v  e n e rg y , o f the pseudoscalar 
p art o f th e  fie ld  is sm aller th an  th e  vecto r p art b y  a fa cto r s  x io~ * ; as such 
in th e  g ,-s c a tte r in g  o n ly  th e  ad d itio n  o f th e  pseu d oscalar field to the vector 
field  d o es n o t g iv e  a n y th in g  d ifferen t fxlom w h a t w ou ld  be obtained from  the 
p u re  v e c to r  fie ld . H o w e v e r , if  w e <K>mbine the ch arged  and the neutral 
fie ld  in a  w a y  to  en su re c h a rg e  sym m etry , th e  va lu e  of the cross section 
w o u ld  be ro u g h ly  m u ltip lie d  b y  a fa cto r 2. H en ce  the valu e  of the total 
cro ss-sectio n  d u e  to  th e g ,- in te ra c tio n  of the M .-R . th eo ry  w ill l>e a p p ro x i­
m a te ly
Qo'^^^(gi 1^ 0 .2 2  X cm* fo r 260 M ev  neutron e n e rg y .
W e  sh all see in th e n e x t  p a ra g rap h  th a t the total scatterin g  cro.ss-section 
d u e  to  th e  ga in tera ctio n  a lo n e  o f the M .-R . th eo ry  has the va lu e  7.02 x io~*® 
cm* (for 260 M e v  n eu tro n  e n e rg y ) w h ich  is  ro u g h ly  30 tim es the va lu e  of 
th e  a b o ve  cro ss sectio n  d u e  to the g t-iiite ra c tio n  at the sam e en erg y  value. 
S in ce  th e  e v a lu a tio n  o f th e  g e n e ra l exp ression  for the cross section of the 
n-p s c a tte r in g  is e x c e e d in g ly  co m p licated  w hen both g ,  and ga of the 
re la tiv is tic  M  -R . in teractio n  are d ifferen t from  zero; w e sh all sim p lify  our 
ca lcu la tio n s  b y  p u ttin g  g i  =  o it w ou ld  m ean th at the valu e  of the cross 
sectio n  so o b ta in ed  w'ould be less than  th a t o f the e x a c t expression w h ich  
in c lu d e s  b o th  g i  and ga b y  5 to  10 per cen t.
I f  w e n e g le c t th e  co n trib u tio n  of th e  g ,-sc a tte r in g  for reasons stated 
a b o v e , th e  to ta l cro ss-sectio n  o f n-p sca tte rin g  w ith  the M .-R . version as the 
in te ra c tio n  b etw een  th e n eu tro n  and proton is g iv e n  by
Mit — SJL •€?-G R  o — ^
a
X* 1 +
6 _25
3 a*.v* 2 4 a * x *  8a*.v'‘ {x-t-4a*a;*)
24a‘*ac* i2a®.v" 4a'
lo g  I
■ x ^ ( i  +  2 a  x  ) j  )
4 . /    -------------5_______) lo g  ( i  +  d a ^ x ^ } f
^I2a*x® 4 a * x *  4 a * {1 +  20,^x ^ ) }  J
+ ----- 5-2 7-V — 2 ai log ( l-f  4a“a:*) 11
11 -I- 4 a * a  +  2 o r x * )  ) J
... (6)
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T h e  above exp ressio n  ( 6 )  for Q  decreases w ith  in crea sin g  x  in  th e  low  
en erg y  regio n  from-X = o  to about .'t =  0.5 (the la tter  v a lu e  w o u ld  correspond 
to  a k in e tic  en erg y  of the valu e n o  M ev in th e  cen tre  of m ass system  or 
470 M ev in th e system  in w hich the proton is a t rest) a fter w h ich  it  in crea ses 
in the re la tiv istic  region in d efin itely  w ith  in crea sin g  va lu es o f x .  T h e  va lu e  
of Q  is sensitive to  the value of the m eson m ass. T h e  n u m erica l va lu es o f 
the cross sections as ca lcu la te d  from  th e above exp ressio n  are as fo llo w s :
Go'"'
_  (7.0  
(12-
. 2 X 10 cm" for 260 M e v  n eu tro n  e n e rg y
73 X 10 cm " ,, go  M ev
It m ust be borne in m ind th a t th e  re la tiv is tic  B orn a p p ro x im a tio n  
w hich we have em ployed in our ca lcu la tio n s is  n ot q u ite  g o o d  fo r go  M ev 
neutron en ergy w h ich  w ould  correspond to  21.6  M e v  e n e rg y  in th e  cen tre  of 
mass system .
T o  com pare th e re lative  co n trib u tio n s of the vecto r and t he pseud oscalar 
fields in the m ixed  field  o f the M .-R . th e o ry , w e con sid er the g a -scatterin g  
due to the pseudoscalar interaction  a lone. C o n tra ry  to  w h at w e h a v e  seen 
for the g i-sca tte rin g , we n otice th a t th e  ga-scatterin g  d\ie to th e p seud oscalar 
interaction  is larger than the sam e d u e to  th e  M . R . in tera ctio n . B ea rin g  
in m ind that every interaction  betw een  tw o  n u cle o n s, in th e  n o n -re la tiv istic  
lim it, should  be free from  ^i-functions, tho to ta l cross section  fo r n-p 
scatterin g  due to the pseudoscalar (charged or n eu tral; field is g iv e n  b y
(7)
The cross-section Q o ^ ‘  (7) increases in d efin ite ly  w ith  in cre a sin g  x  r ig h t 
from  x = - o .  T h e  n u m erical values as ca lcu la ted  from  th e  above exp ressio n  
are as fo llo w s :
*
X
2»T ga a*
t + .X’®
3?
9
+ -
4 U ■ zd^ x^ lo g  i i +  4a'
■1 18 02 X io"'®“cm‘' for 260 Mev neutron energy, 14 42 X io"®®cm® ,, go Mev ,, ,, .
W e notice th at the g*-scatterin g cross section , w h en ca lcu la ted  w ith  th e  
pseudoscalar in teraction , is very m uch la rg e r  than  the sim ila r  exp ressio n  
calculated  w ith  the M .-R . in teraction .
If w e denote the m a trix  elem ents o f th e  p rocess of sc a tte r in g  b y  H/v th e  
square o f w h ich  is prop ortin al to th e  cross section , it is c le a r  from  a corn- 
par ision of the n um erical va lu es of the cross-section , a s  ca lcu la te d  w ith  th e  
M .-R . in teraction , and the in teraction  d u e  to  th e pseu d o scalar field  th a t the 
absolute valu e of the m a trix  elem ents fo r the M .-R . in teraction  is  less th a n  
the sam e fo r the pseudoscalar interaction  round ab o u t 260 M ev  e n e rg y .
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I t  fo llo w s  fro m  th e  m ethod of H siieh and M a (1945) th at the scatterin g  
cross section  is in flu en ced  b y  th e radiation  d am p in g  in the fo llo w in g  w ay ;
Q = QoI +
(8 )
w h ere Q o  d en o tes th e  o rd in a ry  cross section  in w h ich  radiation dam ping 
has b een  n e g le c te d , b and  a  are g iv e n  by
(<4a)
i  f
b — JjH.fHff ' H, ' tPfPf ' dil fdi lr  • (ob)
i f r
T h e  suffices / and i stand fo r the fi$al and in itia l states, p /  denotes the 
d e n sity  o f e n e rg y  le v e ls  co rresp o n d in g  to  the s la te  f .  T h e  eva lu atio n  o f 
a and b w ith  th e  fo r  the M .-R . in teraction  is the proper procedure, but
su ch  a p ro ced u re  is e x c e e d in g ly  in volved  to ca lcu late  T o  s im p lify  labour a 
and b  h a v e  been ca lcu la ted  in a previous p ap er (Basu, 1950) w ith  the m a trix  
e lem en ts H j\'' fo r  th e  pseu d o scalar field. A s  |is sm aller than there­
fore the e x a c t  v a lu e  o f fb/a!, as evalu ated  w ith  the m a trix  elem ents
for the M .-R . interaction, would be somewhat smaller than what is calculated 
here with the pseudoscalar iuteraction. We give below the expression 
for the ratio b/a
b
a 4 F a ( x )
(ol)
where Fa (-v) and F & (a:) are functions of the variable x  and their forms 
are quoted for convenience in the Appendix. The numerical values are 
as follows ;
for 260 Mev neutron energy.
I +
( i .
IQ
23 90 M ev
It shows that the influence of radiation damping at 260 Mev energy is to 
reduce the ordinary cross section by about one half, which is by 
no means negligible. We regard the influence of damping as a correction 
factor to the ordinary expression for the scattering cross section, the procedure 
of calculating the damping term with the pseudoscalar interaction is justified 
on the g ro u n d  that it gives the order of the correction. H owever, it must be 
remembered that the exact numerical values for the M .-R. interaction 
would be somewhat smaller than the above figures.
We now give below in a tabular form the numerical values so far derived 
from the theoretical expressions : ,
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'£kin tRSl EMn (CM) X g^MBx 10™ i-ni*.
QMR X lo^ ® cm ,^ 
(with damping) gP® X 10*® cm.
Qps X 10*® cm*, 
(with damping)
go Mev
'
21.6 Mev 0.219 12.7"* 10.3» 14.4* 11.7"'
260 Mev 63.0 Mev 0.372 7 0 3-2 18.0 S.8
E 'k)p denotes the kinetic energy in the system  in w hich the protion is at rest 
whereas, Ewn is the corresponding kinetic energy in the centre of mass-at- 
rest-systeni.
W e then compare the above with the experim ental findings of different 
workers. The curves drawn through the experim ental points of K e lly  and 
others give us the follow ing results.
E x p e r i m e n t a l  R e s u l t s  o f  K e l l y  a n d  O t h e r s .
K ' k i n  (RS) d Q { -K )
de(v/2)
Q (in arbitrar3^  units)
40 Mev 1.6 251
g o  Mev 3 7 13 4
260 Mev g 2 7
T he value of the total n-p scattering cross section has been measured b y  
F o x , lycilh, W outers and M acK enzie (1950) who have used a double 
coincidence anthracene scintillation counter telescope as the neutron detector. 
T h e same measurement has been done by D eju ren  (1950) using bism uth 
fission ionization cham ber as the neutron detector.
E'kin (RS)
.Total cross section Q X io*®cm*
Fox and others
1
Dejuuren
85 Mev 8-3 ±0.4
95 7-3
270 ,, 3.8 ±0.2
280 ,, 3-3 ±0.3
Q (260 Mev) _  
Q  f GO MevV (from K e lly  and others)
* We have marked the values of the cross section for ai'6 Mev energy (CM) with 
asterisks to indicate that the Born approximation is not good for such an energy.
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Q (280 Mev) _  
Q (85 Mev)
0.40 (Fox and others)
Q (270 Mev) _  , _ ,
Q ( 95 Mev) "  ±'>03 'DeJuren)
T h e theoretical value of the total scattering cross section after being 
corrected for radiation damping is 3.2 x io~“® cm“* and the two experimental 
values are 3 -3 ± o -2 X io ” “  cm “ and 3 .8 1 0 .2 x 1 0 “ ®^ cm“. The agreement 
appears to be very good, the fact that our theoretical value is on the side of 
being slightly less than the experimental one is expected because the calcula­
tions can be im proved in two ways each of which would increase the value 
slightly and as such the two together would make the agreement much 
better. T he two improvements consist of taking both g ran d  ga-iiiterac- 
tions and the evaluation of the radiaStion correction with the M . - R .  theory. 
l*hc M .-R , theory allows us to fix the two constants from the deuteron 
problem, the determination of the dhird constant from the observed mass 
of the x-meson leaves no arbitrariness about the n-p scattering cross-section, 
as such the agreement of the theoretical and the experimental values of 
the scattering cross section shows that the deuteron and n-p scattering 
problem can be consistently framed in one picture with the help of the M.-R- 
theory.
It  is quite evident, as was expected to be so, that the Bom  approxima­
tion is not good for 21 ’6 Mev energy (corresponding to 90 Mev in R Sj, for 
such low energies the Born approximation gives too large values for the 
cross section compared w ith what they should be. T he pseiidoscalar field 
alone fails to explain the n-p scattering results.
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'a (x) = — I
Q V
^  .A "  +  +  - ^  +
A P I ‘ K N D I X
- L + 9 - L
D. Basu
 3 2 4 1  + 4a® .IC* 4a A'
log (H-4a®A:®)|
L ' ^
.l,v* + 2,v> + i j +  J- (x  ^+ j) |,i:‘  +  4 :t ''+ 8 } .4
-  “ (.v + j ) { a '  1 4 -v ’  + 7 } « -  +  7}c>
w h e re  (p u ttin g  ...  + 1 )
2a
^ =  i6 a  — (8 -1-2  ^— i6a* + 6A®) log
a +  I
a — I
( 5  - 4 a - . ^  + 4 a " - - | a ‘ ) (  log
B =  2 - ( a - l )  log
a +  I
a — I
C =  2 A - ( a ® - l )  log
a + I 
I
R E F E R E N C E S
Rasu,, 1949* Pro c . R o y , Jr. Ac ad , ,  52, 127.
1950, ibid  63 , 31.
Bishop, 1949, P h y s ,  R c v ^,  16, 1468.
Dejuren, 1950, P h y s , R e v . ,  80, 27^
Fox, Eeith, Wouters and MacKenzic, 1950, P h y s . R e v , ^ 80 , 23* 
Frohlich, Huang and Sneddon., 19 7^, P r o c , Roy .  S o c . ,  191A 
Heitler, 1948, Proc  ^ Ro y , Ir .  A c a d . ,  82, 95,
C/. Acta  P h y ^.  Austt iaca  B d . 1, 110.
Hsueh and Ma., 1945, P h y s .  R e v , ,  67, 303,
H u, 1945, Ph ys . R e v . ,  67, 339.
HuUh^n, 1944, A r kiv .  Mat .  Astr ,  F y s .  ZiA., No, 15.
Janossy and McCt>nnell, 1950, P f o c .  R o y .  I r ,  A c a d . ,  83. 
jSuch and Hu, 1944, P h y s . Re v . ,  68, 289.
Kelly, JUeith, Segre, and Wiegand, 1950, P h y s .  R e v . ,  79, 96. 
Ramsey, 1948, Proc .  P h y s , Soc . ,  6 1 , 297.
Ratallack and Rrode, 1949  ^P h y s .  R e v . ,  78 , 1716.
Schwinger, 1942, P h y s .  R e v , ,  61, 287A.
Y ukaw a, 1949, R e v .  Mod .  Phys^, ,  21, 474.
